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Diallel crosses involving five divergent red clover genotypes
(two varieties, Junior and Diana, and three populations, Vladka, BL.-3 and
M-11) were made at the Experiment Field of the Forage Crops
Department of the Institute of Field and Vegetable Crops in Novi Sad.
During the 2001-2002 period, progenies obtained in the crosses were
tested for stem length, stem thickness, length of central lamina, yield of
green mass per plant, start of flowering, persistence and growth habit.
The analysis of phenotypic variance showed that the additive gene action
played the dominant role in the inheritance of stem length, yield of green
mass per plant and growth habit. Partial dominance was the most
frequent mode of inheritance. A larger contribution of dominant variance
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to total genotypic variance and low values of narrow sense heritability
(k) werc obtained for stem thickness (16.67% and 23.07%,
respectively). In both study years (2001-2002), using path coefficient
analysis, we observed significant direct effects of stem length on green
mass yield per plant (9.09%, and 6.23%, respectively).

Key words: red clover, (Trifolium pratense L.), diallel cross,
mode of inheritance, combining ability, dominant and additive gene
effects, hertability, path coefficient analysis

INTRODUCTION

Previous research on red clover has shown that the most important
methods used in its breeding are mass selection, recurrent phenotypic selection and
the polycross method, which limits the collection of useful génetic information
such as hcritability and genetic mapping (TAYLOR and QUESENBERRY, [996). It is
therefore especially important to perform detailed genetic analysis of major
quantitative agronomic traits of this forage legume using controled crosses.
Diallel crossing is a very commonly used method for testing red clover progenies
in order to obtain more comprehensive information on the combining abilities of
parents, mode of inheritance and heritability. [t is also particularly important to
determine the interdependence of traits breeding is performed for.

MATERIAL AND METHODS

Based on previous studies, five divergent red clover genotypes were
chosen (two cultivars, Junior and Diana, and three populations, Vlaska, BL-3 and
M-11). The experimental part of our trial was carried out at the experiment field of
the Forage Crops Department of the Institute of Field and Vegetable Crops in Novi
Sad. First, complete diallel crosses were made during 1999-2000 among the
selected red clover cultivars and populations under field conditions. Then, in 2001-
2002, the progeny thus obtained was tested for stem length, stem thickness, central
lamina length, green mass yield, start of flowering (Upov, 2001), persistence
(assessment of the number of surviving plants in the third year on a scale of 1 to
9), and growth habit (Upov, 2001). The trial was set up using a randomized block
design with three replicates. Each of the combinations studied was represented by
a sample consisting of 30 plants. The row-to-row spacing was 80 x 80. The mode
of inheritance of the traits studied was determined first based on parental and
progeny means. The GCA and SCA were calculated according to GRIFFING (1956),
Method 2, Mathematical Model 2, with no reciprocal crosses included (Table 1).
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Tab 1. - Analysis of variance for general and specific combining abilities

Source of  Degrees of Sum of Mean  Expected mean
variation freedom squares square squares
GCA n-i Se M. Ve+ Vi+(n+2)V,
SCA  4m-Dn Ss M, VetV
E M Se M. Ve

The components of phenotypic variance were then calculated. (Table 1,
Model I1), FISHER, 1918; COCKERHAM, 1954, where:

V= : (M, — M,) - GCA variance
n+2

Vi=M;: - M- - SCA variance

Va= 4V, - additive variance (for F = 0)

Vo = 2V, - dominant deviation variance (for F = 0)

V6 = Va + Vb - genotypic variance

Ve = environmental variance

V¥ = Vo + Ve - phenotypic variance

An estimate of heritability (#°) in the broad( h,.,2 = V—° ) and narrow senses
% Vi
(hl= —%) was made.
F
The direct, indirect and total effects of the traits on green mass yield were
determined by path coefficient analysis.

RESULTS

In the majority of the combinations, partial dominance was the most
common mode of inheritance of most of the traits under study (stem length, green
mass yield in both study years, start of flowering in 2002, growth habit) (pd -
Table 2), indicating that additive gene action was of greater importance in the
inheritance of these characteristics (Table 4). Analysis of variance revealed highly
significant GCA values for the above traits (Table 3). A highly significant PCA
value and greater importance of the dominant gene effect were found for the
inheritance of start of flowering in 2001.

A greater contribution of dominant variance to total genotypic variance
and low values of narrow sense heritability were obtained for the following traits:
stem thickness in both study years, start of flowering in 2001, and central lamina
length in 2002.

Equal importance of the additive and nonadditive components of
genotypic variance and low values of both narrow and broad sense heritability (/2
= 22.64%, hi= 41.51 %) were observed for the inheritance of persistence,
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indicating that environmental factors played a greater role in the inheritance of this
trait (Table 4). The most frequent mode of inheritance of this character was
superdominance of the parent with better persistence (h* - Table 2).

Using path coefficient analysis, it was determined that in both study ycars
(2001 and 2002) stem length had a significant direct effect on green mass yield per
plant (9.09* and 6.23%, respectively - Table 5). In 2001, the effect was pronouncedly
negative in itself (r=-0.141), but the overall effects were positive due to the positive
indirect effects of stem length (r = (0.379) and growth habit (r = ().164),

Table 2. - Mean values and mode of inheritance of stent length, stem thickness,
central lamina length, green mass yield per plant, start of flowering,
persistence and growth habit in 2001-2002

Pares and Fl Stem kength (7] Stem thickness { X) tamiea length () Green mass yretd (X)) Stan "rl_lw enng P“ml\‘c'“ G"“'_‘h
hybrds (7 5 %) N () (0 habil
§x 2001 2002, Nl 002, 201, 07 2001 002 2001 002 ()
Matka 558 45,4 194 408 M08 M40 158,00 37833 4.00 Rk} 4,00 3N
VIaika x Junior 8874 Hopd 38 4 429 h' 660 4" M3 4 1933pd’ 76167 pd' 46747 $33¢’ 300 h Se0n’
Viatka s Diana  SASpd* 475 48 AT0pl 44 d” A 3527 4 Jetipd 600 Aamdt SeTpd” S0 .2’
Viatka « BL.3 497 4840 h Ad 412 h° 67T W X599 h 1M A3L00pdT 3ATh 630" 4174 S0%h
ViaGax M-11 Suipd” 470pd" 420 B 42747 MSSpd” M2pdt 22467h' BOSMpT 267h 300h 667h' 6,50 pd
Junior 566 Sid 156 412 M.67 o.62 20567 BIR.67 407 hWA] S0 5.0
Junion x Diana S0.9 i 970 L4 pd 19ipd MR Ma2d o {67134 88467 pd” 4TSI 467h hATS
Junwx x BL.-3 SETmd 476 4 156 N MR d W00 Rt 364AS IS5kt MDA 30 467Td S67Th" sS40
Jumor n M- 11 59 b 196 b IR W 43 30 3509 h 20067d° RISAETH ifilpd  3167pd” 481K 64pd
Ihana 449.7 7.6 RET) 189 36351 3554 16700 75200 67 6.00 5o 433
[iana x Bl.-3 4591 44500 TN 405 I IB46 N 3SA2 4 1SINpd" HIHE Ih 70k’ 567h° 546h°
Diana a M-11 416N 474 d W81 h 4.25pd’ A2 h deSapd 1M T60Mpd  233h S3d’ 6RIR S43pd
Bl-3 45,1 47K RE, Y 401 3569 1K 122.34 b98 67 500 407 417 s
BL-3IxM-11 SI3pd” 493pd" 365 h 190 i MIP b 39w M Mpd TI8Mpd 20th 4.674" 700h" S5lpd
M-11 538 50,1 404 4.2 410 4088 300 43967 i KA 567 759
16 19 0.2% n.21 283 2,798 4822 146,33 116 .69 12 .42
4.5 4.0 0,13 0.8 384 375 63.08 198.08 .56 ) 308 1.10

Table 3. Analysis of variance of combining abilities for stem length, stem
thickness, central lamina length, green mass yield per plant, start of flowering,

persistence and growth habit in five parental genotypes of red clover

Source of F expemmentil F tahular

varaiion  Siem keagih Stern hickness Lamina kength Greenwass yield — Stanof fowering  Perwstence  Gmwth 005 001
000 2002, 200M. 002, A0 W2, W01 W02, 2000, Jom. habit

Gea 1472¢% 768 638t Tt 143 445t 9734 6d9% TS0 gRIM 356 2330 272 4%

$CA 164 1.3t e 2910 3500 23l 0.5 1.25 e 208 148 P, 29 3

GCA/SCA 897 5% L7 2.56 0,40 1,65 9,76 3,19 1.80 424 241 1115

Table 4. Components of phenotypic variability and heritability for stent length,
stem thickness, central lamina length, green mass yield per plant, start of
flowering, persistence and growth habit

Components of  Stem lexgih Stent thickness Lamina fength Green mass yield Siant of flowering  Penisience Growth
variame 2001, 2002 2001 2002 2001 2002 200) 2002 2001, 2002 haty

Fy 1136 188 0012 0,012 - 196 13893 769240 n.28 1.32 072 0.56
Fy 1.96¢ 0,64 [HRL) 0m 18 RR2) - 1294 38 0% N4 N.60 IR
Ve 1332 452 0ns2  00n 48 43 1389.36  H9K6.T8 122 206 132 114
1 4.57 320 0.02 0 2,90 1.m B4 770 0 103 1.86 024
¥r 17.89 172 0,072 0052 7.7 707 R0K 1669682 1.7 m 318 138
h: T443% SRAS% 2% 6154% 62ME 60R1% 6236%  SIRX% TL76% oh6l% 4I5S % R2.61 %
h,f 6350% S020% L66TT 2307 1358% 6256% 4607% 16479 2% 12 % o456 %
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Table 5. Direct, indirect and total effects of the traits studied on green mass vield
of red clover cultivars during 2001 - 2002

. Stem length Stem thickness Lamina lengrh Start of Persistence Growth habit

Compuets = flowering

OfVarianee  ang ao02. 005 N2 20012000 2001 22 2001 2002 2001 2002,
VIA: Stem 0,676 0.559 0.37¢ 0,057 0,144 0,116 0,206 0,069 40,201 0,034 0,i2§ 0.102
length
VIA: Stem -0.079 0021 1414 0,204 0073 0.068 DM 0076 0.001 Q004 0,064 0.122
thickness
VIA: Lanting o4 1.023 0.034 0.037 0066 00 0005 -0,46 0,005 (1,035 0,032 0.073
tenpch
VIA: Start of 0.036 0.035 0.004 0.5 0009 0118 o118 0,282 0003 0050 0036 K]
fluwering
VIA Pursist. 176 noL2 0,004 0004 0,044 0,064 0516 0,036 .59 0,203 0,212 0073

VIA: Growth 0.066 0.039 (.164 0.130 0,175 0,142 000 0,139 0129 0078 0.360 0217
habt
Tatal effect 1,538 .00 {3440 .319 0,347 0,383 0,318 0,054 0,422 0,246 1,028 0,405

F value 9.09* 0,23 0.32 0.56 0.09 0,16 0,11 0.98 1,87 0,74 2.58 0.29

Critical values of F-distributions at | and 7 degrees of freedom
and 5 and 1% probabilities are 5.59 and 12.25

DISCUSSION

Results obtained in this paper on the inheritance of green mass yield,
start of flowering, and persistence are in agreement with those reported by several
other authors (ANDERSON, 1960; ANDERSON, et al. 1974; CORNELIUS, et al. 1977,
CorNELIUS and TAYLOR, 1980). Concerning the inheritance of growth habit,
particularly prominent in the present paper was partial dominance, which is in
agreement with the findings of MIRZAIE-NODOUSHAN er al. (1999). Studying the
inheritance of red clover stem thickness at the third internode below the terminal
inflorescence, MIRZAIE-NODOUSHAN et af. (1999) found that slenderer stems were
partially to completely dominant over thicker ones. In the present paper, in
agreement with the above, partial dominance or dominance of the parent with the
slenderer stem was manifested as the mode of inheritance of stem thickness in
four combinations in 2001 and two in 2002 (Table 2). It is interesting to note that
in the first year of the study superdominance of the slenderer stem was
particularly prominent,

In our study, in agreement with the data reported by CECCARELLI (1968),
genotypic variance for red clover stem length was found to have been determined
primarily by additive gene action.

A number of rescarchers (WIONCEK er al., 1976; KUHBANCH and
VOIGTLANDER, 1981) have found significant correlations betwen green forage yield
and stem length in red clover, which suggests that selection for a longer stem may
lead to increased green mass yields. Data obtained in the present paper support this
conclusion, because our path coefficient analysis showed there were significant
direct effects of stem length on green mass yield in both study years.

-~
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CONCLUSION

Our variance analysis of diallel crosses for GCA revealed years highly
significant values of stem length, stem thickness, green mass yield per plant, start
of flowering and all the morphological/biological traits in both study years. At the
same time, highly significant SCA values were recorded for stem thickness, central
lamina length and start of flowering in 2001.

Analysis of phenotypic variance showed additive gene action played the
dominant role in the inheritance of stem length and green mass yield in both years
of study. Relative to the morphological/biological characteristics studied, a
dominant contribution of the additive component of genotypic variance was found
in the inheritance of growth habit and start of flowering in 2002. In this connection,
partial dominance was the most common mode of inheritance in most of the
combinations. In the inheritance of persistence, the additive and nonadditive
components of genotypic variance were both equally important. The larger
contribution of dominant variance to total genotypic variance and low values of
narrow sense heritability (4.°) were obtained tor stem length in both years (16.67%
and 23.07%), start of flowering in 2001 (16.47%), and central lamina length in
2002 (2.73 %). In both study years, path coefficient analysis revealed a significant
direct effect of stem length on green mass yield per plant (9.09*% and 6.23%,
respectively).
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Izvod

U radu je kori§ceno pet divergentnih genotipova crvene deteline (dve
sorte: Junior, Diana i tri populacije: Vladka, BL-3, M-11) koje su dialelno ukritene.
Eksperimentalni deo ogleda je bio uraden na oglednom polju Zavoda za krmno
bilje Naucnog Instituta za ratarstvo i povrtarstvo u Novom Sadu. Tokom 2001 1
2002 godine izvrSeno je testiranje dobijenog potomstva u odnosu na ispitivane
osobine (duZina stabljike, debljina stabljike, duZina centralne liske, prinos zelene
mase po biljci, vreme pocetka cvetanja, perzistentnost i forma rasta). Analizom
fenotipske varijanse moZe se zakljuciti da je aditivan nacin delovanja gena imao
dominantnu ulogu u nasledivanju: duZine stabljike, prinosa zelene mase po biljci,
forme rasta, a kao najéesci nacin nasledivanja ispoljila se parcijalna dominacija.
Vece uCe§ce dominantne varijanse u ukupnoj genotipskoj varijansi, kao i niske
vrednosti heritabilnosti u uZem smislu (/") su dobijene za: debljinu stabljike
(16,67 % i 23,07 %). Tokom obe godine (2001-2002) analizom path kocficijenta
utvrden je znacajan direktan efekat duZine stabljike na prinos zelene mase po biljci
crvene deteline (9,09*%, odnosno 6,23%),
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